Purpose of Review This review describes case reports for patients with kratom-associated adverse events in order to assist clinicians with patient management. A stepwise approach is proposed for assessing active kratom users as well as considerations for the management of toxicities or withdrawal. Recent Findings Multiple in vitro and in vivo studies illustrate the pharmacologic and toxicologic effects of kratom extract. No randomized controlled trials in humans exist that assess the safety and efficacy of the substance. Cross-sectional surveys from active users and reports from poison control centers have shown acute and chronic physiological and psychological adverse events. Summary Reports of adverse effects associated with kratom use have demonstrated hypothyroidism, hypogonadism, hepatitis, acute respiratory distress syndrome, posterior reversible encephalopathy syndrome, seizure, and coma. Overdose toxidrome leads to respiratory failure, cardiac arrest, and fatalities. Adult and neonatal withdrawal symptoms have also occurred. Clinicians should be aware of the risks and benefits of kratom use.
Introduction
We completed a review of Mitragyna speciosa (MS), which is a psychoactive plant that belongs to the Rubiaceae family, or coffee family ( Fig. 1) [1, 2] . Human consumption of the plant leaves was first documented in the late nineteenth century when native's used it for ceremonial and medicinal purposes in the tropical and subtropical regions of southeast Asia and Africa [2, 3] . Traditionally, MS was used to control ailments such as fever, diarrhea, cough, fatigue, and decreased libido, in addition to treat conditions such as enteritis, parasitic and herpes zoster infections, diabetes, hypertension, and depression [2] [3] [4] [5] [6] [7] [8] . Natives consumed MS by various routes: chewed raw, boiled in water as a beverage, or inhaled as a vapor [6] [7] [8] . Today, MS is known as kratom, first named by natives in Thailand [8] . Kratom use has surpassed its region of origin and reached consumers around the world, mainly for its proclaimed psychoactive properties [9] . In 2016, The American Kratom Association (AKA) estimated that there are 3-5 million active and regular kratom users in the United States (USA).
[10] Despite longstanding and increasing kratom use, controlled trials evaluating efficacy and safety have not been performed [11••] . Surveys of active kratom users reported dual and dosedependent stimulant-like properties and opioid-like euphoric effects: as decreased pain (85%), increased energy (84%), and less depressive mood (80%) [12••] . These effects are exploited medicinally for analgesia, withdrawal from illicit drug or prescription opioid medicine, or background mental/emotional disorder [13] . The positive experiences from kratom such as euphoria, relaxation, sociability, and productivity have been attractive for recreational use in substance use disorder and in cultural festivities [14, 15] . HMG) are the most prevalent [16] . MG and 7-HMG are dosedependent agonists of the μ-, κ-, and δ-opioid receptors in the central nervous system (CNS) as well as non-opioid receptors [6, 7, 16, 17••, 18, 19] . Their non-selectivity likely results in the beneficial multimodal effects of kratom especially for analgesia and mood elevation [20] . In vitro studies have exhibited cytotoxic effects on human neuronal, hepatic, and cardiac myocyte cell lines and have shown neuromuscular blocking effects [21] [22] [23] [24] . Kratom was also reported to inhibit CYP 450 hepatic enzyme, particularly CYP 3A4, 2D6, and 1A2 [29, 30] . In toxicological in vivo animal studies, test subjects exhibited adverse effects such as hepatitis, nephrotoxicity, reduced sperm production, addiction and tolerance, long-term cognitive deficits, generalized convulsions, and fatalities with high doses [18, 19, [25] [26] [27] [28] .
Emerging Use and Regulatory Concerns
Increasing kratom use has resulted in increased reports of adverse events. Attributing these reports solely to kratom is complicated by the absence of standardized product manufacturing and voluntary adverse event reporting. Between 2011 and 2017, calls to US Poison Control Centers (PCC) show that kratom poisoning and fatality cases have increased 58-fold in 6 years. One-third of these cases resulted in healthcare facility admission [31••] . Cross-sectional surveys highlighted opioidlike adverse events such as intoxication, addiction, and kratomassociated withdrawal symptoms [11••, 33-38] . Many western countries and a number of US states have banned kratom possession and/or sales. Despite these control efforts, availability online has eased the accessibility to kratom products. In the USA, many kratom products used are without good manufacturing practices outlined by the Food and Drug Administration (FDA) or subject to quality assessments. In February 2018, the FDA issued warnings regarding 44 fatalities associated with kratom [32] . In 2019, two warnings were issued regarding selected kratom product impurities; a warning in February for potential heavy metal poisoning following laboratory discovery of elevated lead and nickel levels and another warning in March for nationwide recall for potential Salmonella contamination following a series of Salmonella infection outbreaks [39, 40] . A 2017 survey showed that about 40% of active kratom users consult their healthcare professionals (physician, nurse, or pharmacist) about use indicating that there is a public need for evaluating risks and benefits [11••] . This review is intended to help healthcare professionals assess the adverse events associated with kratom use. In addition, we propose a stepwise algorithm for assessing patients actively using kratom and discuss considerations for management of kratomassociated adverse events and toxicities.
Literature Case Review
We performed a systematic literature review using MEDLINE, Embase, and Google Scholar. Main search terms were "Mitragyna speciosa" and "kratom" combined with appropriate Boolean phrase. We included only case reports and case series written in English that were published from January 2008 to March 2019. Botanical, pharmacokinetic, analytical, or preclinical studies, and surveys were excluded. Overall, there were 41 cases on kratom-associated adverse events or toxicities (Table 1) . Kratom-associated adverse events were as follows: kratom-associated withdrawal symptoms (KAWS) in adults [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] , kratom-associated neonatal abstinence syndrome (KANAS) [48, [52] [53] [54] [55] [56] , hypothyroidism [43] , hypogonadism [57] , kratom-induced hepatoxicity (KIH) [58] [59] [60] [61] [62] [63] [64] [65] , CNS effects causing seizure and coma or posterior reversible encephalopathy syndrome (PRES) [39, 66, 67] , acute respiratory distress syndrome (ARDS) [68, 69] , overdose toxidrome [70, 71] , and fatalities [72] [73] [74] [75] [76] [77] [78] [79] [80] . There were six case series of aggregated patient's data [48, 49, 51, 73, 77, 80] . There were also mixed presentations: KAWS and seizure [41] , hypothyroidism [43] , or KANAS [48] . [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] Tolerance generally occurred after 3 months [42] , and a few patients described escalating their doses four to ten • Day 3: symptoms were subjectively and objectively much improved. Dihydrocodeine was reduced to 30 mg twice daily and lofexidine was discontinued. • Urine toxicology was negative for all drugs of abuse.
Kratom-Associated Withdrawal in Adults
• Urine MG was positive (cutoff 10 mcg/L) using liquid chromatography-mass spectrometry method • Started venlafaxine for depression and pregabalin for anxiety since this occurred with previous attempts to detoxify from kratom
• Following 3 days of admission, the patient was discharged and provided with a prescription to start naltrexone 50 mg by mouth daily to begin no sooner than 7 days for any cravings • Small of gestational age and attributed to mother smoking
• CBC was within normal limits and the urine toxicology panel was negative.
• Finnegan score was consistent with KANAS (severity was > 10). • Morphine PO 0.1 mg/kg/day titrated under Finnegan score monitored every 3-4 h EFFECTS
• Infant responded to therapy and weaning was initiated on day 3 of treatment.
• Infant was observed for 48 h after discontinuing and discharged after 14 days of stay. • Infection and drug screens were negative.
Murthy and
• Abdomen scans showed signs of steatosis of the liver. Neither gallstones nor intra-or extrahepatic bile duct dilation was detected.
• Liver biopsy identified a drug-induced cholestatic injury without hepatocellular damage (so-called pure cholestasis).
• Day 12 and day 14 after cessation, serum MG was 20 mcg/L. • Infection and drug screens were negative.
• Abdominal scan showed irregular hepatic texture, but no biliary obstruction and a liver biopsy was not performed.
INTERVENTION

• No intervention EFFECT
• Patient appeared stable overall and discharged 2 days later at which time liver tests were improving (but not normalized) and psychotropic medications were resumed.
• • Later at the ED presentation, patient also reported sternal pleuritic no radiating chest pain, mild shortness of breath, mild cough. OBJECTIVE • Urine was positive for kratom only, when gas chromatography /mass spectrometry was used
INTERVENTION
• Received two doses of 0.4 mg of naloxone for concern of opioid toxidrome and respiratory depression EFFECT • Over the week, pupillary reflexes returned to normal, neurological examination, vital signs and the abnormal laboratory values also normalized.
• Patient was extubated by the end of week two discharged to an acute rehabilitation institute for physical therapy times their initial dose within as early as a few weeks [44, 50] to achieve the same effect. Perceived experiences may also change with the course of intake. Generally, initial experience is beneficial; some patients describe a sense of euphoria, productivity, relaxation, and pain control. Addiction has led to intravenous administration of kratom extract with reported occurrences of thrombophlebitis and infection requiring antibiotics [47] . Duration of kratom addiction ranges from 1 to 3 years, and the doses used by addicted patients ranged from 14 to 42 g per day.
KAW was described in several adult populations: those with chronic pain, substance use disorder, pregnant women, and recently delivered mothers. Most patients presented to a healthcare professional with self-identified symptoms of withdrawal and expressed their desire to obtain a supervised krat om detoxification or induction/ maintenance regimen because of a failed attempt to selfabstain. Many patients often encounter KAW following use as an opioid alternative for pain control or reduction of chronic opioid use. Patients have also described withdrawal after recreational intravenous use along with other illicit substances. Symptoms of KAW generally develop within 6-12 h after last reported use. Symptoms have included rhinorrhea, restlessness, anxiety, irritability, sleep disturbance, sweating, chills, craving, pain, pruritis, goose bumps, abdominal cramps, and diarrhea. Though similar to opioid withdrawal, KAW has been reported to be less severe. Change in patient's psychiatric functioning has not been reported except in patient with a diagnosed schizoaffective disorder [45, 51] . Substance-seeking behavior has been observed, and some patients may hide doses after claiming abstinence. Case reports have highlighted the benefits of using pharmacological interventions for the purpose of long-term abstinence from kratom use via maintenance therapies [41, 49, 50, 52] or acute control of KAW [42-44, 46, 48, 51] via detoxifying regimens. For induction/maintenance, only partial μ-opioid receptor agonist regimens have been used, such as buprenorphine plus naloxone [41, 49, 50, 52] , buprenorphine/norbuprenorphine [49] , or buprenorphine [52] . These regimens showed benefits beyond control of KAW such as reducing dose requirements of pain medication [49] , or prevention of KANAS [52] . Symptom-triggered dose-escalation was used for immediate effects, often escalating the buprenorphine dose by 2-4 mg as needed. To monitor adherence to therapy and abstinence from kratom, blood and urine testing for buprenorphine, MG, and 7-HMG was performed.
For detoxification regimens, shorter course therapies were used and their efficacy on kratom abstinence beyond the supervised course is not reported. Agents used included partial μ-opioid receptor agonists such as buprenorphine [43] or buprenorphine/naloxone [46] , weak or full μ-opioid receptor agonists such as dihydrocodeine [42] , morphine [48] , or alpha-2 agonists such as oral clonidine [44, 51] . Antihistamines or pregabalin were added in some instances for symptom management.
Kratom-Associated Neonatal Abstinence Syndrome [48, [52] [53] [54] [55] [56] In Smid and colleagues' case, kratom use was stopped and kratom-associated neonatal abstinence syndrome (KANAS) was prevented when a buprenorphine regimen was started in week 22 of gestation. However, this same regimen failed to prevent KANAS in another pregnant woman when it was started at week 19 of gestation [52] . In one case report, kratom was used by the mother regularly for 2 years [48] . In all cases, kratom use overlapped with the entire course of pregnancy. KANAS occurred in 6-96 h after birth, with noted effects including reduced oral intake, excessive sucking, jitteriness, irritability, facial excoriations, hypertonia, sneezing, and excessive inconsolable high-pitched cry. The Finnegan score is a nursing assessment tool that grades the severity of the most common signs and symptoms of NAS, producing a final score with increasing severity.
It was used in three KANAS cases to grade the severity and guide therapy [54] [55] [56] . Their Finnegan score was calculated to be at the "Severe" category threshold (> 9 points) on presentation. Management of KANAS involved administration of full μ-opioid receptor agonists for detoxification. Almost all cases used morphine; only one case used intravenous methadone. Two cases reported using morphine as 10 mcg/kg/h either continuously or administered every 3 h [48, 54] and one case used 100 mcg/kg/day [55] . In all cases, the neonate responded to therapy on initiation. The Finnegan score was reported to drop by 7-9 points from baseline presentation indicating an improvement of KANAS. However, bradycardia and excessive sedation were associated with morphine use [54] . Weaning from morphine therapy was initiated by day 2 or 3. Oral morphine was used as a step-down approach once oral intake was tolerated. Though morphine has shown success in KANAS, Eldridge and colleagues' case report has indicated possible rebound of KANAS following morphine discontinuation [54] . The cause was thought to be premature discontinuation 2 days after the start of morphine therapy. In this circumstance, clonidine 1 mcg/kg every 3 h subsequently showed improvement in NAS scores. This therapy was used for 1 day and discontinued thereafter. Total days of stay for patients ranged from 8 to 14 days but weaning off morphine can take up to 2 months due to risk of rebound KANAS [56] . In Davidson and colleagues' case report, the neonate was monitored for 48 h after discontinuation of therapy [55] .
Endocrine Effects: Hypothyroidism and Primary Hyperprolinemica [43, 57] There were two cases that reported effects on the endocrine system. In LaBryer and colleagues' case report, kratom administration was associated with elevated prolactin and reduced testosterone levels leading to hyperprolactinemia and hypogonadotropic hypogonadism without an alternative identifiable cause [57] . The clinical significance of this change was manifested by decreased energy and libido. Cessation of administration for 2 months lead to normalization of these hormones without a need for intervention. Notably, thyroidstimulating hormone (TSH) levels were normal in this case. Sheleg and Collins presented a case with KAWS which included signs and symptoms of hypothyroidism confirmed by elevated TSH [43] . This developed after 7 months of consuming kratom tincture daily. The patient received an opioid detoxification regimen using buprenorphine for KAWS and levothyroxine for hypothyroidism. Fifteen months later, levothyroxine dose was reduced to 50 mcg per day after improvement in thyroid function. Conversely, a cross-sectional study of 19 long-term kratom consumers (76 to 94 mg of MG per day for more than 2 years) neither found the substance impairing to the levels of tetraiodothyronine, testosterone, or gonadotrophins nor did it show a dose-dependent effect of kratom on these hormones [81] .
Kratom-Induced Hepatoxicity [58] [59] [60] [61] [62] [63] [64] [65] Kratom-induced hepatotoxicity (KIH) has been reported after 2 to 4 weeks of use and rechallenge has led to recurrence [59, 65] . The reported dose resulting in KIH was 14 to 21 g per day. In one case report, there was rapid dose-escalation (3 to 6 times the starting dose in 2 weeks) [58] . In all cases, patients presented to the emergency department for symptoms associated with hepatotoxicity including at least one of the following symptoms: dark-colored urine, light-colored stools, profound weakness, weight loss, nausea, vomiting, fever, or night sweats. Dark-colored urine was the most commonly reported symptom. Yellow skin, scleral icterus, and pruritus were also reported. Most patients were hemodynamically stable on presentation; one case showed mildly elevated blood pressure at > 140/80 mmHg in a patient with chronic hypertension [64] . The diagnosis of KIH was made on the basis of exclusion of all other causes of hepatotoxicity. An extensive workup for acute viral hepatitis A, B, and C and assays of hepatotoxic substances such as salicylates, acetaminophen, and CNS medications were used to determine if the exhibited hepatotoxic effects were correlated. Four case reports studied the likelihood of KIH using association scales in which all found a 'probable' association [62] [63] [64] [65] . Scales used included the Roussel Uclaf Causality Assessment Method, World Health Organization Uppsala Monitoring Centre and the International Organizations of Medical Sciences Scale. Jaundice was reported in four cases where the total bilirubin was the highest of all KIH cases, ranging from 6.5 mg/dL to 33.7 mg/dL (reference < 1 mg/dL) [58, 59, 63, 64] . After kratom cessation, total bilirubin decreased within 2 days to 7 days [58] [59] [60] [61] [62] [63] [64] . The highest alkaline phosphatase recorded was 790 units/L (reference 35-129 units/L). Complete normalization of total bilirubin and alkaline phosphatase occurred approximately 2 months after cessation [61, 65] . Early reports of KIH confirmed intrahepatic cholestasis based on hepatic function tests, abdominal and hepatic imaging, and histological findings. More recently, two case reports highlighted the possibility of a hepatocellular injury [62, 65] . Both of these two cases had confounding causes for hepatocellular injury, including positive IgM for cytomegalovirus [65] and positive urine cannabinoid [62] .
In two case reports, N-acetylcysteine (NAC) was offered as hepatoprotective agent. Mousa and colleagues case reported using intermittent bolus infusion regimen (140 mg/kg followed by 70 mg/kg for 18 doses) in which the patient received the full 18 doses over a 4-day course and authors reported resolution of symptoms and down-trending hepatic enzymes [61] . Tayabali and colleagues started NAC with a loading dose of 150 mg/kg but the patient developed an anaphylactoid reaction soon after the loading dose was administered resulting in a termination of infusion within an hour after initiation [64] . Although signs and symptoms were reported to be improved in 2 days, the role of NAC in KIH is not fully understood or established.
Central Nervous System Effects: Posterior
Reversible Encephalopathy Syndrome and Seizure [51, 66, 67] Posterior reversible encephalopathy syndrome and seizure (PRES) has been reported in patients that combined kratom use with marijuana, fluoxetine, and quetiapine [66] . In this patient, supportive care and lowering blood pressure with nicardipine infusion helped to improve the patient's condition. Two cases reported of seizure activity within 30 min of kratom ingestion in addition to animal studies previously mentioned [25] , indicate that kratom may be a pro-convulsant [41, 67] . These cases also detected levels of other substances including modafinil and antidepressants which are known to lower seizure threshold. The dose and duration of kratom use in these cases was not reported. Standard medications for seizure control such as lorazepam and phenytoin were used successfully in reversing the onset of the seizure. In one case, the urine concentration of MG was measured at 0.167 mg/L. Interestingly, this level is half the MG urine concentration in reported fatalities (range from 0.37 to 3.47 mg/L) [72, 74, 76, 77] .
Acute Respiratory Distress Syndrome [68, 69] Two patient cases have reported respiratory compromise leading to acute respiratory distress syndrome (ARDS) and subsequent need for mechanical ventilation. In both cases, all other causes of respiratory failure from infectious or hemorrhagic causes were ruled out. In the case reported by Pathak and colleagues, the patient was witnessed to have ingested both kratom and alcohol [68] . The duration for mechanical ventilation was for 2 weeks in this patient. In the case reported by Jaliawala and colleagues, mechanical ventilation was needed for 3 days [69] . Both cases reported no attempt to reverse kratom with naloxone.
Toxidromes and Fatalities [70] [71] [72] [73] [74] [75] [76] [77] [78] [79] [80] Kratom toxicity is presumed to resemble an opioid toxidrome: manifested by mydriasis, depressed respiratory function, altered mental status, hypotension, and hypothermia. Two recent case reports showed the role of naloxone reversal on the kratom toxidrome, although it was administered due to suspected co-intoxication with an opioid [70, 71] . In the case of Overbeek and colleagues, the patient received two prehospital doses of naloxone 0.4 mg which led to improvement in respiratory rate and mental status [70] . With supportive care and intravenous fluids, the patient continued to improve over a of 24-h period and ultimately survived. Shekar and colleagues reported a case where additional measures were needed following the naloxone reversal dose [71] . The patient was discharged to a rehabilitation institute 2 weeks after they were admitted to the inpatient facility. The patient's urine 7-HMG was greater than 500 mcg/L.
In the fatal case reported by Aggarwal and colleagues, the patient presented to the hospital with cardiac arrest [78] . Initially, return of spontaneous circulation (ROSC) was achieved within 1 h of hospital arrival with advanced cardiac life support (ACLS) including vasopressors, inotropes, and sodium bicarbonate. Naloxone was given as an opioid antagonist, but its effect was non-discernible. A standard lipid emulsion dose (1.5 mL/kg intravenous bolus) was also administered with an observed response for approximately 1 h, which resulted in a 16% improvement in alveolar-arterial oxygenation lasting for only a few minutes followed by a 30% reduction in epinephrine requirement lasting approximately 1 h. However, the patient's cardiorespiratory function subsequently deteriorated leading to death 12 h after ROSC. The author reported modest cardioprotective properties of intralipid on assumption of cardiotoxicity from kratom components. Neither qualitative nor quantitative serum assays for kratom were investigated, and the amount of the reported ingestion was unknown. The urine was negative for MG but positive for codeine, which the patient allegedly took only one standard dose.
Most fatalities were young males with a history of substance abuse or psychiatric disorder. All fatalities were pronounced dead at the scene, except two cases in which the patients were brought to an emergency department. Attempts with ACLS were unsuccessful [73, 78] . In both cases that presented to the emergency department, kratom was suspected to be ingested within 24 h prior to presentation [73, 78] . In the majority of fatal cases, the cause of death was attributed to pulmonary congestion and/or edema. Other causes of death were liver steatosis, brain edema, • Onset occurred within 6-12 h after kratom cessation.
• Symptoms presented similar to opioid withdrawal; rhinorrhea, restlessness, anxiety, irritability, sleep disturbance, sweats, chills, craving, pain, itch, goose bumps, abdominal cramps, and diarrhea. • Tolerance occurred weeks to months and patients started dose-escalation starting in weeks after first intake. • Blood or urine samples could be tested for principal substances in kratom; mitragynine and 7-hydroxymitragynine. • Occurred more often in patients with chronic pain or polysubstance abuse; especially opioids abuse disorder.
• Induction/maintenance therapies may be useful for prevention of kratom-associated neonatal abstinence syndrome in expecting mother, reducing pain medication dose, reducing pain intensity, or establishing kratom abstinence. • Detoxification therapies may be used for acute KAWS.
• Opioid withdrawal scales used may be used for symptom-triggered strategy in dose-escalation. • Potential agents: buprenorphine-alone, buprenorphine/naloxone, or replacement opioids when partials agonist are not available. Adjunctive therapy, such as clonidine, can be used for symptoms of acute withdrawal. • Blood or urine samples of mitragynine and 7-hydroxymitragynine may be used to establish abstinence from kratom and buprenorphine levels used to establish adherence to maintenance therapy. Kratom-associated neonatal abstinence syndrome (KANAS)
• Onset has occurred in 8-96 h-of-life with increasing intensity.
• Symptoms may include reduced oral intake, excessive suck, jitteriness, irritability, facial excoriations, hypertonia, sneezing, and excessive inconsolable high-pitched cry.
• Maternal induction/maintenance therapies may be useful for prevention of kratom-associated neonatal abstinence syndrome. • Neonatal detoxification therapies include methadone or morphine-based therapies. Clonidine has been used for patient intolerant to first-line therapy. • Finnegan score can be used for dose-titrating and monitoring for efficacy. • Caution with morphine side effects including bradycardia and sedation. • Neonates should be monitored after discontinuation for rebound symptoms. Hypothyroidism
• Onset occurred in 7 months after kratom initiation • Symptoms included weight gain, lethargy, and myxedematous face • Thyroid function panel was consistent with hypothyroidism.
• Correct with levothyroxine and titrate according to thyroid function panel. • Kratom discontinuation and appropriate detoxification schedule may be needed. Hypogonadism
• Symptoms included low energy and poor libido • Prolactin level and testosterone level were consistent with primary hypogonadism.
• Symptom resolution and hormonal normalization may not occur for months after kratom discontinuation.
Kratom-induced hepatoxicity (KIH)
• Patients may present with jaundice and dark-colored urine, ascites and mild renal failure have also occurred. • Onset has occurred in 2-4 weeks following ingestion or excessive dose-escalation. • Cholestasis injury or hepatocellular injury may occur.
• Kratom discontinuation and appropriate detoxification schedule was needed. • Supportive care with intravenous hydration was included. Longer hydration up to 24-h session was provided in acute kidney injury. • N-acetylcysteine has been used for symptom improvement.
• In cases, bilirubin trended down in 2-7 days and resolution occurred in 2-3 months. Alkaline phosphatase (ALP) normalized in 60 days. Posterior reversible encephalopathy syndrome (PRES)
• Accompanied with severe headache, disorientation, and aphasia • Vital signs and head imaging consistent with PRES including elevated blood pressure and Glasgow coma scale (GCS) • CNS-modifying medications and illicit substances were co-ingested causing possible kratom-drug interaction or drug-drug interaction; namely fluoxetine, dextroamphetamine and quetiapine, amphetamines, and marijuana.
• Kratom discontinuation and appropriate detoxification schedule was needed. • Supportive care with nicardipine infusion for control of blood pressure was included.
Seizure
• Can occur immediately after kratom ingestion • CNS-modifying medications or herbal products with pro-convulsant properties were co-ingested; namely modafinil or Datura stramonium extract tea
• Kratom discontinuation and appropriate detoxification schedule was needed. • Standard anti-epileptic medications such as lorazepam with or without phenytoin load showed control. Acute respiratory distress syndrome (ARDS)
• Symptoms worsened; started with cough and dyspnea then progressed to hypoxia • Occurred after a week from a recently treated community-acquired pneumonia • Ethanol ingestion complicated presentation • Improvement and successful extubation has occurred within 3-14 days of ingestion.
Toxidrome
• Occurred within 24 of kratom administration • Associated with altered mental status, pulmonary depression, cardiac arrest, seizure, or fatalities • Occurred in young users with polysubstance misuse and psychiatric disorders
• Initiate basic life support (BLS) or advanced cardiac life support (ACLS) as indicated • Naloxone rescue can be provided and repeated as necessary.
• Intralipid intravenous bolus 1.5 ml/kg may be used if all other supportive care measures are not successful. seizure, hyperthermia, and mechanical asphyxia. All autopsy blood samples confirmed the presence of at least one other CNS depressant [78] . There is speculation that these fatalities may be caused by mixed drug ingestions leading to synergistic or additive effects, yet fatalities have also occurred from kratom alone. Significant variability in extraction methods and assays, as well as the timing of autopsies post mortem, makes it difficult to conclude a lethal blood concentration of MG. Blood concentrations in fatal cases have ranged from 10 to 4800 mcg/L. Of note, the report by Karinen and colleagues is the only case that tested for and reported positive blood concentrations of the other potent component in kratom, 7-HMG at 2200 mcg/L [76] .
Assessing Kratom in Active Users and Managing Associated Complications
Case reports and series are reported voluntarily; therefore, there is inconsistency among reports for assessment and management. Based on available evidence from these reports, we propose a stepwise approach to assess kratom safety and efficacy in active users (Fig. 2 ) and a summary of kratomassociated adverse events ( Table 2) .
Conclusion
Kratom has been used both medicinally and recreationally and its use has continued to increase. Case reports and case series of kratom-associated adverse events, toxicities, and fatalities are alarming. Healthcare professionals' awareness of trends in use as well as associated risks is necessary to discuss risks and benefits of use with patients and provide prompt management of adverse events. Controlled studies are needed in the future to examine the impacts of kratom use and provide insight into optimal management and regulation.
